Plackett-Burman experimental design was used to screen important nutrient parameters influencing the production of red pigments by 
INTRODUCTION
Pigments, which are either natural or synthetic, play an important role in food and pharmaceutical industry as colorants. Synthetic red pigments such as azorubin or tartrazin causes allergic reactions [1] and C-red having carcinogenic and teratogenic effects [2] , researchers from all over the world intensely looking for natural occurring red pigments from different natural sources. Monascus species are well known to produce pigments like monas-corubrine, rubropunctatine [3, 4] and more recently monascusones from a Monascus mutant [5] . The use of Monascus pigments in food has been carried out traditionally in the orient for hundreds of years.
Numerous fungi namely Monascus purpureus [6, 7] M. ruber [8] , M. paxi [9] , M. anka [6] have been reported for biopigment production.
Designing a fermentation medium is a critical and important process as the medium composition can significantly affect the product yield [10, 11] . An optimally balanced culture medium was mandatory for maximal production for the secondary metabolites. Important medium variables are screened by Plackett-Burman experimental design [12] . It is a partial factorial design; here large numbers of independent variables (N) are studied in small number of experiments (N+1) [13] .
In the present study, screening and analysis of important nutrient constituents was carried out using Plackett-Burman experimental design for the production of red pigments by Monascus pur pureus MTCC 369 under submerged fermentation.
MATERIALS AND METHODS

Microorganism
Cultures of Monascus purpureus MTCC 369 was obtained from Institute of Microbial Technology (IMTECH), Chandigarh, India. It was maintained on slants of PotatoDextrose Agar (PDA) medium at 4 o C and subcultured every 30 days.
Preparation of Seed Culture
Ascospore suspension of Monascus purpureus MTCC 369 was prepared from actively growing slants in sterile water and diluted to a concentration 6 
Submerged Fermentation
All experiments have been carried out in duplicates in 250 ml Erlenmeyer flasks containing 50 ml media as per experimental designs. The medium pH was adjusted to 6.0 with 0.1 M HCl or 0.1 M NaOH and flasks were autoclaved at 15 psi and 121 o C for 15 min. Finally each flask were inoculated with 10 % seed culture and incubated at 30 o C for 14 days on a rotary shaker at 110 rpm [6] .
Bio-pigment Extraction and Estimation
Extraction of water-soluble Monascus red pigments was carried out by cold centrifugation (1500 X G) for 10 min to separate the fungal biomass and followed by filtration of supernatant. Estimation of extracted red pigment was carried out at 500 nm by spectrophotometer (Shimadzu, Japan) [15, 16] .
Experimental Data Analysis
Experimental data were analyzed by the standard methods of Plackett-Burman [12] and software Design Expert 7.1.3 (Stat Ease Inc USA).
The effect of each variable was determined with the following equation.
E xi = 2 (ΣH xi -ΣL xi ) / N Where, E xi is the concentration effect of the tested variable, H xi and L xi are the concentration of biopigments at high level and low level of the same variable, and N is the number of Table 2 . Plackett -Burman experimental design of 12 trials for eleven variables in high level (+), Low level (-) along with observed concentration of red pigment in fermented broth.
trials. When the sign is positive, the influence of variable upon biopigment production is greater at high concentration, and when the negative, the influence of variable is greater at a low concentration. Mean squares of each variable (the variance of effect) were calculated as follows V xi = (ΣH xi -ΣL xi ) 2 / N The experimental error was calculated by averaging the mean squares of the dummy variables. R = ΣV xd / n Factor showing larger effects were identified using F-test. F = V xi / R Where, R is experimental error (mean square for error), V xd is mean square of dummy variable; V xi is mean square of variable and n is number of dummy variables.
RESULTS AND DISCUSSION
In the present study screening of important nutrients influencing red pigment production by M. purpureus MTCC 369 was analyzed by Plackett-Burman experimental design. The purpose of was to select important nutritional factors of fermentation medium contribution to Monascus red pigment production under submerged fermentation. Maximum red pigment production was found in 1 st experimental trial, whereas minimum in 7
th trial under submerged fermentation using M. purpureus MTCC 369 ( Table 2 ). Effect of dummy 1 and dummy 2 were close to zero ( Table 3 . Influence of medium variables on red pigment production. It was found that dextrose is useful as a carbon source towards red pigment production. Among all the nitrogen sources NH 4 Cl was found to be better than (NH 4 ) 2 .SO 4 for biopigment production by Monascus purpureus MTCC 369. This might due the growth of M. purpureus was largely depending on one type of nitrogen source [17] . Moreover, NH 4 Cl contribute highly to wards lovastatin biosynthesis by as reported earlier by us [18] . This may concludes that M. purpureus MTCC 369 secondary metabolites synthesis depends on NH 4 Cl concentration. In fungal nutrition magnesium and calcium are noted as macronutrients and manganese, iron, copper and zinc as micronutrient [19] but in case of red pigment production by Monascus purpureus, magnesium contribution was higher than calcium, iron and manganese. However, manganese contribution was found to more then calcium and iron. This may be due to manganese, acting as cofactor for different enzyme required for pigment biosynthesis [19] .
Designing the medium is an open ended, time-consuming and laborious process involving large number of experiments. The Plackett-Burman experimental design is the preliminary technique for rapid illustration of the effects of various medium constituents. It tests each variable at two levels only; hence it can not give exact idea regarding the optimum level of constituents required in the medium. Therefore further optimization of selected nutrients such as dextrose, NH 4 
